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'O ' 5
x ≺∗ y
B$, 8 ! 	$> B
DR · · ·
H
x y
x C∗ w
B$, 8 !*	1$>.!B(DR x
 H
w · · ·
y C∗ z
B $, 8   	$> B
DR y
 H
z · · ·
MWMY !	# -M
0PSR
· · ·


H
H
x
 H
w · · ·
y
 H
z · · ·
M
w ≺∗ z
ÂÂº
LMNOP
x    	5  

2436503 b  	  	'O87:9.;¤­-	.$­ 9,9O   'O± J	}­  'H±c¯\;¤­ 9
©{h^CnQC)`Th^YgA`oCv`oCW\j}RTYgVchC>PdRjlbdVc]QRoCah^VcRT`oCaPdRo`T]<p&RT]/`TCan  jl`oU^`oCvk<VX]^`*VXUQRTC)h^YZ`$nQC)P*VcUQbdCRoPjXn^jlk^RT)P
jc]QfX`ojcBDBDjcYZ`oC)PJBDYgh^YZBjcWZY\PdRoC)P)  hpVXh/PSY\nQA)`TC[H]^CWgVc`qPT[H]^CnQC)]QpVch/PSRTYZRT]<jlhHRoPPTVchHRFpVcBFU/YZh^>P¡
W2 ]^h4n  C]QPTC BM     PS]/`W2 jc]QRT`oCc 'CRTRTCjck^k^`oVQpq@^CC)PSRn^YZ`oC)pRTCBDC)hXRYZh<PSk^Yg`oC nQ]4k^`TVXfc`qjlBDBDC
BDYgh^YgBDjcWZY\PSRTCnQC+'@^VXBDPT§ONc
<=7,9,;¯>;³­09 U  g	 "$ d $,  /  5 hBM   !  $,;$, 
$,!QM
$>AYM
    d 	\g M 	6M @
" $ .PTM
(!	 $ $,!		 + d 
$,!BM$, g M
*/$$,
  F
­<¯^¯\;³­09 2  M
$>5-YMTB  M
(5/ QM

!	6M

<
BM
$,  B        (@J/B  M  TP!	6M
QF M
BM
$,* D@ $  B  	 * 
!	6M
(TZQM
$> Y-M B  M
 /e36?	!	6M
 /*QM

!	6M
($,	-

eR
x < y
	 )  	 ?    	;T 	#
 4BM   *$, CYF
x <+ y
	 ) 	 ?    !	6P 'BM    $,hCYF
x <∗ y
.	 ) 	 ? 
    BM     .$,hCYF
ªJjlh/PW\j4nQC>PTp`TYgkQRTYgVch¦WgYgh^fc]^Y\PSRTY\[X]/CPSRojlh<n^jl`qn¦nQC)Pjl`oU^`oC)PRTY\[H]^CRo)PCRVX`on^Vch^h^>P¡W¤ WgBDC)hXR
BDYgh^YgBDjcW C)PSRjc]n^C)PoPS]/PnQC>Pjl]QRo`TC>P¡Qj|cC>p]^h/Cn^VcBDYZh<j}RTYgVchYgBBD>nQYgjlRTCJBDYgPTCCh|OYgn^Ch/pCek/jc`
nQC)P
jc`op)PCR
Wgjk^`o)p)nQC)h/pCJWZYgh^>jlYg`TCJfXjc]/pq@^C¨nQ`oVcYZRTCXHz{VXPjl`oU^`oC)PVchHR
]^h^CJRT`oVcY\PSYgABDCJ`TC)WgjlRTYgVch[X] YgWt³jl]QR
Bjc`o[H]^C)`)@'VcBDBDC
h^VX]/Ph^CpVXh/PTYgnQ)`TVXh/P)¡>kmVc]/`aWZC
BDVXBC)hHR)¡c[H]^C
nQC>Pajl`oU^`oC)P$U^Ygh/jlYg`TC>P¡}YgW^COY\PSRTC
]^h^C
Y\nQ)CPTYZBDk^WgC tpVXBDBCPSC)]^WgC)PeWZC>PC)]^YZWgWgC)PJPSVXhXRJRoYg[H]^CRTC>P¡mYgWPT]	DRn  Ygh/nQY\[H]^C`jl]h^VOC]/nYghHRTC)`Th^C
[H]^C)WZWgCC)PSRWZCJ«/W\P[H]^YPTCk^`oVlbdCRTRTCPT]^`
W¤ jl]^RT`oCc
GIH'OJ² ' 2  M
$, B      "$ d $, @   	
   hB M  !  $,$, 0M
  BM
$,g M
 
$, ) M
$>BQM
;	 
   Z0M$>0M M(
d < n
P.! /
!	6M
QF
  " $,	?$,+$, 
i  IB 
PTM*$,	 <
H
d n
	}­ J­m\;³¯\;³­09 5 M
$, M
$,EQM  $  Z 	   	. $, $,	#" $ ? hB M  
 J.$,/ 
$,! F 
" $,	  *!Y $,	4B
* hBM B	#8R
(∀x)((∃y)(x C y)) → ((∀z)(x C z → y < z))
'O !	^] '    M
E" $ $,0M 5  B / Z <   ≺ PTMQP	63  F " $,	    B  /hP. $, d 
$,! iDPTM
; / .$,	-

 "lE" $,	  B SP"$+/J1	 ) $,	. TBYB  I@  l  6E6F
 M
$, M
   / 
	 E  0P.E ! /J / 	6M_@.BTP. 3QP. .3.B  M  TP!	6M
Z 0M
$>4BM$,-[M(0g	
   8 Ei5  /	  / BM  TP  	6M   B 	6P 	 J    
" $
  $,/ $
  B  P.T@ 0P.IR
>
 HH
d1 <
H
v d2
⇒



H
H
≺
H
v d2
d1
 
 P. )  I3E B  
!	6M
Z /  $ B  M    .  M$  M
$,.$, / ) 
$P
(>F  M
$> $, 	1	 M(
B
DPTM-
  	6MZ /  B     	6MWM / B  M  TP!	6M
 . " $ $,/*$
iF
ah¦jlbdVc]QRqjlhHR
<∗
n^jch/Ph^VlRo`TC6PSRT`o]/p&Ro]^`TCX¡h^Vc]/PVXUQRTC)h^Vch/P
τ = (Nτ , C
∗
τ
,≺∗
τ
, <∗
τ
)
[H]^Y
C>PdRDWgj
PSRT`o]/pRT]^`oCnQCU/jcPTC]QRTYgWZY\PTCkmVc]^`
WgC)P
fX`ojcBDBDjcYZ`oC)PBDYZh/YZBjlWgY\PdRoC)P)
ÌÁ$Â*ÌÍÕ
 
			
	 !	#"$ B
     -/1I(0/	
 
ªJjlh/P{RTVX]QRejc`TU^`oC«/h/YVX`onQVXh^h^j|XC)pk^`oVlbdC>p&RTYgVch¡^VchkmC]^RJnQ«/h^Yg`{k^Wg]/PTYZC)]^`oP{h^VlRoYZVXh/P{PSRT`o]/pRT]Q
`oCWgWgC)P£[X]/YtPTC`o|cC)hHR£PSkm)pY¢«/C)`Wgjfc`qjlBDBjlYg`TCX¡X[H]^CJh^Vc]<P]^RTYgWZY\PSC)`TVXh/P`T>[X]/CBDBDChHRn/jlh/P£WgC{VX`TBj}
WgY\PSBDCnQC)Pfc`qjlBDBjlYg`TC>PBDYgh^YZBjcWZY\PdRoC)P)
'O !	^] '   M
$> $,!		 M(+ d     B/$,	-

,BM
$, !   
-

  
	 E  S36?"l
 	 	6M(D@*  )   $P !$, eR @ /iM$,   0P.D $ 8M	YE6F
ε
>



H
H
HH

 R  

<




H
H
H
H

 R  M$,   0P.

<



H
H
HH

 R  $

 R  M
	
ªJjlh/P{pCfc`oVc]^kmCh^VcBDYgh/jlW 
WZCh]/n9APTCk^`oVlbdCRTRTCk/jc`nQC)PoPS]<PWZCh]/n6y/¡
WZCh]/n9A)yPSCk^`oVlbdCRSRTCk<jl`
nQC)PoPT]/PWZCh]/n9A@Ac¡
WZCh]/n9A@A)yPTCJk/`TVcbdCRSRoCk/jl`nQC>PTPT]/PWgCh]/n9A@A3A
243 24365  ¯'
jFR:RoCh^Vc]/PC>PdR{n^Vch^h^)Ck/jl`
W\j`TC)WgjlRTYgVch6nQCk^`oVlbdC)pRTYgVch*
<=7,9,;¯>;³­09 d  B +$, iYM
  " $ P M " $
τ = (C∗
τ
,≺∗
τ
, <∗
τ
)
 
∀x, x ∈ N
Z  /
 8  O@DC	
 FeC ?$, "g$,	/ 
x = y
 FOM
$
(∃z)(y C z ∧ (∀w)(y C w → z <∗ w) ∧ x est la t
8
te de z)
Z?	6F\F	   	 $,90MG$
@ B
  C "$,	  B M  ! B
 l@.$> M
$>/+>g
 D@DC    8  O@>F
ª jck^`oA)P
pCRSRoCnQ«/h/Y¢RoYZVXh*¡^VchVcU^RTYgChHRWZC>Pk^`oVck^`oYZRT>PYZhHRT`oYgh/PSA>[H]^C)P
	}­ J	^;¤X¯>jb
 FM$, + 8 +$, "g$,	  Z ? M$, "g$,	 ;   BM B 8 \F
 F* 	  ? 8 D@DC 
 M
. y C∗ x F
 FM$, QM  $  $, *$, 	#"$+ 8 \F
ÂÂº
LMNOP
     	5  

¨WPT]	DR{nQCPT]^Yg|H`oCJWZCPTCh/P
n^CWgjk^`oVlbdC>p&RTYgVchkmVc]^`Ro`TVX]^|cC)`£W\jR:RTCc
GIH'OJ² ' b  	"M
P
( P	;/  8  S
$ $
ε
Z / B ;	# $QM
$>*	0 	#"$" $+/  8  ;
-
 .5/ M
	 Z /* $+.$,	-

  " $ d /+ -
.J/ ) 
$P
(   0M$>J
	-^M
5$,5$, :g $,	/+" $,	
E
aM./  8  3
ε
F  B $>TZ  E
$>.	    8  3  B $,	 " $;0M$>+ d 
-^M
;!-  . IBM$,
!M$,-  / 8 >F
 M
$,*/+ $  Z P d .?/g$,	/  "$,	  B M  !  $,  YM0P8P d ?/ 8 D3  F
243 243 2 	­  'O±l¯\;¤­ 9 1H4;³ ^² '
z{Vc]/PnQ«/h^Y\PTPTVch/P£W\jFk/`TVcbdC)p&RoYZVXh Bj}QYgBjlWgCen  ]^h^CJR:RTCJ pVXBDBCRojlhHRWZCJk^Wg]/PkmCRTYZR
h^VOC]/nN
jNHjlhHRk<VX]^`R:RTC 
<=7,9,;¯>;³­09 U  B M   P !	6M
  	/ CI3  / 0MG$IC  C" $ {∀z ∈ N | la t 8 te de z est x} Z3OP. g
	 Z	  d C  B D3+ $*@(DP.     Z  C@
?/ B MTB 	#  8R
w C+ y
F
­<¯^¯\;³­09cb  0M
 
t∗
/ BM  TP  	6M7  	
/83  F
GIH'OJ² '   U  $   /  8 @+ $   
ε
F   P	 P	;  BM  TP  	6M   	/ Z
M
ε C 1
Z 
		
ε
/hB M  TP!	6M
9  	/8@+/  8    F
 *   8 *
 	 Z  B  M  TP!	6M
9  	/8@+/  8    /+ $  F
243 243 b 'JO±-; 7'H	
YB(TP 	 ?  $, n^)p`oYZRWgjk<VHPSYZRTYgVch n* ]^h h]/nDCRnQCePojR:RTCek/jl`WgjF`TC)WgjlRTYgVchnQC{k/`T>p)n^Ch/pC{[H]^Y/WgC)P
`oCWgYgCc
<=7,9,;¯>;³­09 K  0MG $  $, B(TP 	 ?  $, 3/ 8  C.	
 F  $, BM  TP  	6M7  	
/ Z
 F / B
 #D@  M
BM
$, 8 eC[Z
 F
x ≺+ y
F
GIH'OJ² '  d TB   / @ ? 	!	6M
Z/ $  BM  TP  	6M7  	
/3$,	 l 8 \F U  8  
3
ε
Z B  f3  Z  F   / $  B TP
T@ 	.
	  *   $  F   !
	 	-G	  Z5	
BTP
 3  M
$>/ ?  D
$ $  Z -M
QP   8BM 	!	6M
@  B(TP 	 ?  $, B(* B-BM
	  F
243 243   F­mJ²³O ' 9t¯
ªeCWgjB:BDCBjlh/YZA)`TC[H]^C  B(TP 	 ?  $, ¡Qh^Vc]<P]QRTYgWZY\PTVch/P
W\jh^VlRoYZVXhn^C  M B/   
<=7,9,;¯>;³­09 5 @+	 +.	;	/	 Z   PTM
B   3    8  C.	
 F  $, BM  TP  	6M7  	
/ Z
 F / B
 #D@  M
BM
$, 8 eC[Z
 F
y ≺+ x
F
ÌÁ$Â*ÌÍÕ
 
			
	 !	#"$ 
GIH'OJ² '    /  8 E	  Z. d  B E/D36?	!	6M
Z /E $   $,,B  M  TP!	6M
   	 l

 \F A@ 	# DBM$, B
   3 8 ;/ $  F  IB $>  BTP	T3  -M
QP/$
  8BM 	 	6MN3OPTM B/ B(  B-BM 	 /  8    F
GIH'OJ² '   M
$,?  	 d   C  _3 B-BM#  /8PTM
.!	!$
 S3 P. ) M
$>BQM
;	 
 Z
QM
$>8BM
$,-^M
 
	 " $R   R*/  $,  BTP	 ? $,N@9/  8    RiM
$,  
QP.    	  R
 $    R  8M	 	 $,jPTM
B /   @eP.  5 8 \F 
  R /
 
  R iM$,   0P.  
  R,
$    R
 8M	 
 . / B M   P !	6M
9  	
 O3+  8    R iM$,   0P. 
 D/1$  /1
ªJjlh/PWZC>Pfc`qjlBDBjlYg`TC>PBDYgh^YZBjcWZY\PdRoC)P)¡^YgW*N jRT`oVcY\Pfc`qjlh/n/PRdNOkmC)Pn^CeRo`ojcY¢RqP 
AcWZC>PRT`qjlYZRoPk/@^Vch^RTY\[H]^C)P£aW\jDk/jl`TRTYgCnQ]BVcR{[H]^YPTCJk/`TVXh^Vch/pCc
~QWZC>PRT`qjlYZRoP
PTBjchXRoYg[H]^C>PWgjk/jc`SRoYZC[H]^Y*`oCk/`T>PSC)hXRoCeWgCPSC)h/PnQ]BDVlR>
w^WZC>PRT`qjlYZRoP
PTNOhHRoj}QY\[H]^C)Pa]QRoYZWgYgPT)Pk<VX]^`pVXh/PdRo`T]/YZ`oCeW\jnQ)`TYg|}j}RTYgVchPSNOhHRojlQYg[H]^CX
<=7,9,;¯>;³­09 5 5 U d $, 	6M
*@  (  8 / @ !	#hB M
!	#" $  !	#"$ PTM
.!	!$ $,
 (  8 / =  B  
 /* 	#*QM
l  C
    	#" $ F
<=7,9,;¯>;³­09 512VU  !
	 TC
    	#"$ g M
 J$,    _3fP  ) M
	#TZE0M  '£jlR 
	-G	 
 7" $
!  M$> l   /eR 
  Z   /TP $,. Z 
..	 )    $,.TZ  .	 ) iF
¨W<h^Vc]/Pv³jl]QRk/`T>PSC)hXRn^Vch^h^C)`aWgC)PanQ«/h^YZRTYgVch/PnQC{pq@/jXp]^hnQCpC)PPTVc]<Pd:Ch/PTCBU^WgC)PnQC{p)j}RT)fcVX`TYgC
CRWZC)]^`qP
PSkm)pY¢«<pY¢Ro)P)
<=7,9,;¯>;³­09 5 b 
   /iM$>Tl  (  8 /8@!	#  B   
/SP.
 ) M	# C
  	#"$
PTM$TZ PTM
;+- BM
$,*$,7-  i. Z ABM$,*$, QM
OZQB BM
$, $, B  BM 	!	6M
ZBM
$, $,W@    l
;	  Z P*/!
	YPTP. B  d $,B >
 Z4BM$,*$,7  3   B  F
<=7,9,;¯>;³­09 5   U *   P $,.iM
  / !
	 +"$,	   B 	  $,O3
Q@B
  BYBM
 	 $, 
  B .	6M
SBM .  3
  $,jP 
	  
	 3e.  \F  	 α  $, !	"@e.  e d $,   6Z α $,  /TP   $,eR 	   B	+/_@ 0@8 d $, ;  B .	6M
ABM
 T@?/ 
	 α F
'O !	^] '   
? d  (  8 /@ /TP   $,.TZ 	   	,BM
$, P	@" $5 	,3I.    Z43 !
	 
	  
 -M
  /g M
QP!	6M
7    B	6P	. B $>*aM	0F
<=7,9,;¯>;³­09 5  U   .	 ) 
$,. M   
	 " $,	 
..	 )   E$, IBM B	# 	 P 
	   l
B	6M( "$,	 iM
 ,@($,  P.  	 E /
!	6M
   / 	6M  B(TP 	 ?  $, l 8  "B(? BYBM
 	eP. /E" $,	
 :BM
  F  	 $,  B .	6M
DBM J J 	 P.
 Z /+B  8   	; .	 )   E$,fP
 0M
;	  	 g Z
-PTP$> 
!	 g Z MY 	#"$ 	+$,*
$,!  B.	6M
Z " $,	 -G	# 0

	 M>PTP$>B5$,  B  YP.e@5 BTP	 ? $, B(
 BYBM

	  / Z4B	SPTM
;+ 8 \F
ÂÂº
LMNOP
A>y    	5  

¨Wv³jc]/nQ`qjjc]/PoPSYa[H]^CDW2 COk/`TC>PTPTYZVXh`oC)pC|}jlhHRWZCRo`ojcY¢RFjXPTPTYZfXh^DPSVXY¢Rjlk/k^`TVXk^`oYZ)Cc¡tjl]QRo`TC)BC)hHRn^Y¢R
[H]* CWgWgCnQC)Bjlh/nQC`TC>pC)|cVcYg`pCRT`qjlYZR)¡vpC6[H]^YPSCRT`qjcn^]^YZ`qjk<jl`DWZC³jlYZR[H]* C)WZWgC6k<VHPTPTA)n^CWgC Ro`ojcY¢R
pVcBDk^WgBDChHRqjlYg`TCnQC { c2dDahW¤ VQpp]/`T`oCh/pCc¡lkmVc]/`WgC
RT`qjlYZR Jp)jcP)¡XPTVchpVc`o`TC>PSkmVch/n/jlhHRaPSC)`oj¨pjXP¡
[H]^Y<h^CkmVc]^`o`qj5:RT`oCkmVXPoPS>nQ[H]^Ck/jc`nQC)PPSNOhHRojcfcBDC)Pvh/VcBDYZh<jl]Q ¡cn  jlk/`TA>PvWZC{k^`TYgh/pYZkmC{PTCWgVchDWZC>[H]^CW
4SWgC)PPTNOhXRqjlfXBC>Ph^VcBDYgh/jl]^8nQVXYZ|XChHRh^>pC)PoPojlYg`TC)BC)hHR`oC)pC|XVcYg`J]/hpjcP 6k<VX]^`F[H]^CW\jk^@^`qjcPTCPSVXY¢R
|}jcWZY\nQCGF
<=7,9,;¯>;³­09 5  U + .	 ) TZ MTBYBM  O@ 
..	 )    $,.TZ iM
 /* 	#*QM
hl g F
<=7,9,;¯>;³­09 5  K  !.*/  	6P.
/;@ ?  	PTM
; $, ."$ 0P.DMYMSR
  U    OK  
    OK    U    OK  J  J 	    
  
M 
 .?/g M
B M   	#" $\F
+/Ig M
*  !	#"$>F
     d   /S@ !
	 5 C
    	#" $ 3S.
>F
SELECTEUR = {= b, = B, B = |b ∈ BASE} K   d  (  8 /8@* 
	  3SP.
 F
ASSIGN
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= {−x|x ∈ FUN}
ASSIGNATEUR = {+x, +X |x ∈ FUN}
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c ∈ Base
R
fusion(t1[= c], t2[c]) = [< t1, t2]si t1 ∈ Lex
F
fusion(t1[= c], t2[c]) = [> t2, t1]sinon
F
z{Vc]/P
kmVc]/|cVch<P`oCk/`T>PSC)hXRoC`
PTVc]/P£VX`TBDCnQCnQY\jlfc`qjlBDBDCn  jc`TU/`TCpC>P`TA)fcWgC)P
fusion(t1[= c], t2[c]) =










<
H
t1 t2
si t1 ∈ Lex
>
H
t2 t1
PSYgh^VXh
_Vc]/`VX`TBjcWZY\PSC)`WgC)P`oAfXWZC>Pk/`T>p)n^C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VcBDBDCJnQC>P`TA)fcWgC)P£nQCnQ)n^]/p&
RoYZVXhh<j}RT]/`TC)WZWgCc
t1[= c] t2[c]
fusion[t1 ∈ Lex]
[< t1, t2]
t1[= c] t2[c]
fusion[t1 /∈ Lex]
[< t2, t1]
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t1 ∈ Lex
R
fusion(t1[= C], t2[c]) = [< t1(phon(t1)&phon(t2)), t2(phon(ε))].
fusion(t1[C =], t2[c]) = [< t1(phon(t2)&phon(t1)), t2(phon(ε))].
 	0M R
fusion(t1[= C], t2[c]) = [< t2(phon(ε)), t1(phon(t1)&phon(t2))].
fusion(t1[C =], t2[c]) = [< t2(phon(ε)), t1(phon(t2)&phon(t1))].
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t1[= C] t2[c]
fusion[t1 ∈ Lex]
[< t1(phon(t1)&phon(t2)), t2(phon(ε))]
t1[C =] t2[c]
fusion[t1 ∈ Lex]
[< t1(phon(t2)&phon(t1)), t2(phon(ε))]
z{Vc]/Pjck^kmCWgWZC)`TVXh/PnQVch/pJW2 C)h/PTCBFU/WZCnQCpC)P`oAfcWgC)PW\j g.$>	6M
 
ªJjlh/P£RoVc]/P£WgC)P
p)jcPnQCe]/PSYgVch¡QWZCh]/n`o)PT]^W¢RqjlhHR`oC <VcYZR£WgCPSC)h/PnQCWgjk^`oVlbdC>p&RTYgVchCR
WgC)PRT`qjlYZRoP
]^RTYgWZY\PS>P
PSVXhHRC)h^WgC|c>P
nQCW\jWgY\PdRoCWZC>P
pVchHRoCh/jchXR>
243   3 2   ' .$=J$² ^± 'O ' 9t¯
©{h^CPSC>pVch<nQC{VXk<)`ojlRTYgVchC>PdR]QRTYgWgYgPTCXQaWZWgCC)PSRn^YZ`oC)pRTCBDC)hXRYgh/PSk/YZ`oCnQ] k/`TVXfc`qjlBDBDCBDYZh^YgBj}
WgY\PdRoCJCRBDCRChj|}jlhHR
W2 Y\nQCnQCn^k^W\jcpCBDChHRnQC)P{pVcBDkmVXPojlhHRoPW2 YghHRT`oYgC]^`nQCW\jk^@^`qjcPTCc
<=7,9,;¯>;³­09 2 2 QM	
t∗
$,   B.	6M
 " $,	 :BM  TP  	6M   	/  d $,  8   F QM
	 Z,BM$,
 M
$,!	 B / . d   B .	6M
 Z t1 Z t2 ZQM +PTM
  	# !	6P  t1 	 P M!	# -B(
 t2 Z t{t1/t2} .$,1 MY   $  B/  
 
t1
B

t2
@(  Z 
	(	YBM$,  M
$,   B	6M t1
 4gPTM

$,  $, 
i +  	 t2[−f ]∗ R@ B /-P.
(t1 [+f ]) = [> t
∗
2, t1{t2[−f ]
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(t1 [+F ]) = [> t
∗
2, t1{t2[−f ]
∗/λ}]@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(t1 [+f ]) = [> t2(phon(ε))
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t1[+F ](t2[−f ]
∗)
d

placement
[< t∗2, t1{t2[−f ]
∗λ}]
t1[+f ](t2[−f ]
∗)
d

placement
[< t2(phon(ε))
∗, t1{t2[−f ]
∗t′2}]
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un : (k × d)/n
tout : (k × d)/n
num

ro : n
tudiant : n
correspond  	 : (k\(d\n))/d
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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R Γ ` x : A/B ∆ ` y : B
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Γ, ∆ ` xy : A
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\
R ∆ ` y : B Γ ` x : B\A
[\e]
∆, Γ ` xy : A
 	;	 
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×
R Γ ` α : A × B ∆, x : A, y : B, ∆′ ` γ : C
[×e]
∆, Γ, ∆′ ` γ[α/{x, y}] : C
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c/v
(k × d)/n n
[/e]
(k × d)
k2
(k2\v)/v
(k × d)/n n
[/e]
(k × d)
k1
d2
(d2\(k1\v))/d1 d1
[/e]
(d2\(k1\v))
[\e]
k1\v
[\e]
v
[×e]
v
[/e]
k2\v
[\e]
v
[×e]
v
[/e]
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h<pVchHRo`TC)`]^h6h]<njNHjlhHR£WgCRdNOk<C|OY\nQCh^Vc]<P
jlk^kmVc`TRTCpC)`SRqjlYgh^C)PYghQVc`oBj}RoYZVXh/P
ª jlUmVc`qnW\j nQ)`TYg|}j}RTYgVchnQVcYZR:RT`oC)  /. bd]/Po[H]* [H]^CDpCh]/n`oC <VcYg|cC]^hRdNOkmCc _Vc]^`[H]* ]^hRoCW
h]/n`oC <VcYg|cC{]/h RdNOkmCc¡OYZWt³jc]QR[H]* ]/hjl]^RT`oCe)WZ)BC)hHR
PTVcYZR
pVch<PdRo`T]^YZRCR
PSCJk^`oVlbdCRTRTCPS]/`£Wg]^Y2 'e C>PdR
pC[H]* YgWPTCk/jXPTPTCj|cC>pW\jpVch/PSRT`o]/p&RoYZVXhn* ]^h)WZ)BDChHRnQCRdNOkmC
k × d
CRPSVXh8]QRTYgWZY\Poj}RTYgVch8|OY\j6Wgj
`oAfXWZCn  )WZYgBDYZh<j}RTYgVchnQC
×
mahC 0mCR)¡tpq@/jc[H]^CFjlRSRo`TYgU^]QRoYZVXhnQCp)jcPen^jlh/P{WgjnQ`oYZ|}jlRTYgVchPTNHhHRqj}QYg[H]^C
C>PdR
YgBDB>nQY\j}RTC)BDChHR{PS]/YZ|OYgCn  ]/h^CWgYZBDYgh/j}RoYZVXhn^C
×
  hPTC`TCRT`oVc]^|XCen^jch/P
W\jPTYZRT]/jlRTYgVch 
PTNOhXRqj}QC  HH
. × .
H§
· · ·
⇒
PTBjlhHRoYg[H]^C  HH
?×?
 H
∅ tpVch/PSRT`o]/p&RoYZVXhn  ]^hWgBDChHRnQCJRdNOk<C
×
Qh/Vc]/Pj|cVXh/P|H]6[H]* ]^h)WZ)BDChHRpVcBDkmVXPTJn^C
×
RojcY¢R
kmVc]/`
W\jDPSNOhHRojlQC (k × d)


H
H
(k × d)/n
h
CRW\jDPS)BDjchHRTY\[X]/C
((e → t) → t, e)




H
H
H
H
(e → t) → ((e → t) → t, e) e → tk^`oVlbdC>p&RoYZVXhn  ]^h6WgBDC)hXRnQCRdNOkmC
×

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 E  Z
×
.?$,WPTM$>B / Z QM
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 ?  	. M(O3$  B M  TP!	6M
 BM$, TP $>B(  
P
(-P$,N@DP M BM   e $ PTM
$>B  \F
π1(x1 × x2) = x1
π2(x1 × x2) = x2
z{Vc]/P£|cC)`T`oVch<Pn^jch/P£WgjVc`oBDjcWZY\Poj}RTYgVchnQC)P£`oAfcWgC)Pk<VX]^`WgjPTBjlhHRTY\[H]^CepVcBDBDChHR
P ]QRTYgWgYgPTCeW2 WgY¢
BDYgh/j}RoYZVXhn^C
×
 'C)k<C)h/n^jchXR>¡ WZC>PnQRoC`oBDYZh/jchHRoPJ`TC)k^`o)PTChHRT>Pek<jl`nQC)P[H]/jchHRTYZ«<pjlRTC]/`oPJh* VchHRk/jcP
]/h RdNOkmCPTYgBYgW\jlYg`TCJChHRT`oCPSNOhHRojlOCJCRPTBjlhHRoYg[H]^CX ¥ ]h/YZ|XC)jl]nQCWgjDPTNOhXRqj}QCc¡OYgWgPPTVchHR
`TC)k^`o)PTChHRT>P
k<jl`]^hpVc]^k/WZCX¡pC[H]^Yh* C)PSRFk/jcPFWZCpjcPk<VX]^`W2 Ygh/PSRojlhHR>zVX]/P`qjlk/k<C)WZVXh/PWgCRdNOk<C n* ]^hfX`TVX]^kmC
h/VcBDYZh<jlW 
((e → t) → t, e)
zVX]/PFpVch/PTY\nQ`oVch/Pn^Vch/p[H]^CWgC [H]/jchXRoY¢«mpj}RoC]^`Fh* j[H]* ]^h4n^CPSC>P
k/`T>nQYgp)j}RqPChPS]^`T³jcpCCR[H]* YgWnQVch^h/CF]^hpVc]^k/WZCpVcBDkmVXPTFnQCWgjVc`oBCFWZVXfcY\[X]/CChHRTYgA`oCCRn  ]^h^C
pVch/PSRojchHRTC`oCk^`o)PTChHRqjlhHR]^hYgh/nQYg|OYgn^]*¡mpC[H]^Y2¡ pVcBDkmVXPTFj|cC>p]^hk/`T>nQYgp)j}R>¡<h^VX]/P{n^Vch^h^CU^YgCh]/h
pVc]^k/WZCj|cC>p{]/h^CVc`oBF]^WgCWZVXfcY\[H]^CeCR]^h6WgBDChHR>
GIH'OJ² ' 512   MY !	# -M
0P+/+0M$,- .
$   	#" $OR
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
	 !	#"$ ~c
un ` λP (λQ.∃z(P z) ∧ (Q z), u) (e → t) → ((e → t) → t, e)
tout ` λP (λQ.∀z(P z) ⇒ (Q z), u) (e → t) → ((e → t) → t, e)
num

ro ` λn.(num

ro n) e → t
tudiant ` λn.(

tudiant n) e → t
correspond  	 ` λxλy.(correspond  	 y x) e → e → t
inf ` λP.pr

sent(P ) t → t
comp ` λα.α t → t
¥ k^`o)PTChHR6[H]^Ch^VXP
λ
¤RoC`oBDC)Pk<VHPTPTA)nQC)hHRWgC)PU<VXh/PRdNOk<C>P¡h^VX]/PjcWZWgVch<P |XVcYg`pVcBDBDChHRWgC)P
pVcBDkmVXPTC`k<VX]^`
VcU^RTCh/YZ`
]^h/C`TC)k^`T>PSC)hHRoj}RoYZVXhPTBjlhHRoYg[H]^CX
   )   $ =#  $  /1   
¨W*CQYgPSRTCnQC)]Q`oAfXWZC>PnQY10t`oChHRoC)PkmVc]^`WgC)PfX`ojcBDBDjcYZ`oC)P£BDYgh^YZBjcWZY\PdRoC)P QW\j]/PTYZVXh6CRWgCnQk^W\j}
pCBDChHR>XzVX]/PjcWZWgVch<PvCQkmVXPTC`akmVc]^`£pq@/jcp]^h^C{n* C)WZWgC)PWZC>Pa`oAfcWgC)Pjlk^k^WgY\[X]/C)Pjl]Q
λ
2RTC)`TBDC>Pk/jc`SRoYZ`
n^CJW\jnQ)`TYg|}j}RTYgVch6PTNHhHRqj}QYg[H]^CX
  3 b 365   :>;³­09
j]/PTYgVchC)PSRW2 Rojck<C
[H]^YQ`oC|OYgChHR$WgC£k^WZ]<P$`T>[X]/CBDBDChHRan^jlh/P$W\jnQ`oYZ|}jlRTYgVchFCRaPTjJpVXhXRo`TYgU^]QRoYZVXh
PTBjchXRoYg[H]^CC>PdR
h/jlRT]^`oCWgWZCn^jch/PW\jpVch<PdRo`T]/pRTYgVchnQCWgj`oCk^`o)PTChHRqj}RTYgVch
<=7,9,;¯>;³­09cb b  $,  g.$>.	6M9  .iM\P 	#.$,  TBYB 1	6P 	6MN3
λ
l   $, OP M0P.
  
!	6M

3DPTM
     e@SP λ l iF
Γ ` x : A/B (F ) ∆ ` y : B (y)
[/e]
Γ, ∆ ` xy : A (F (y))
∆ ` y : B (y) Γ ` x : B\A (F )
[\e]
∆, Γ ` xy : A (F (y))
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j]/PTYgVchj|XC)p]/h^CpVch/PSRojchXRoCnQCDpVXhHRTCORoCPTCnQ)`TVX]^WgCPT]^YZ|}jchXRJWZC>PJB;:)BDC)Pe`TA)fcWgC)PJ[X]/CFkmVc]^`
]/h^C]/PTYZVXhh^VX`TBjcWZCX
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OPTM
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   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x ` λv.(correspond  	 v x)




H
H
H
H
` λuλv.(correspond  	 v u) x ` x
ÂÂº
LMNOP
wXy    	5  

 $,	 O@/ 3	-

!	6M
Z3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  $ $   F
y, x ` (correspond  	 y x)






H
H
H
H
H
H
y ` y x ` λv.(correspond  	 v x)




H
H
H
H
` λuλv.(correspond  	 v u) x ` x
¥ YZh<PSY2¡<h/Vc]/PJj|cVXh/PpVXBDBC)h/pFWgjpVch<PdRo`T]/pRTYgVchnQCWgj`TC)k^`T>PSC)hHRoj}RoYZVXhPS)BDjchHRTY\[X]/Cct*CFk/`TVXU^WZA)BDC
[H]^Ch^Vc]/P `TC)h/pVXhHRT`oVch/PDC>PdR[H]* W2 Rojck<CPS]^Yg|}jlhHRTCYZW{³jl]QR]/PSYgVch/h^C` j|XC)p6]^h/Cj}RTRT`oYZU/]QRTYgVch nQC
p)jcPFCRpVcBDBDC h^VX]/PW¤ j|cVXh/PCQkmVXPTk^`o)p)nQC)BBDC)hXR>¡h/Vc]/PfcC)WZVXh/PW\jnQ)`TYg|}j}RoYZVXhCh4jlRSRTC)h/n^jchXR
W2 WgYZBDYgh/j}RoYZVXhnQC
×
¡^[H]^Ch/Vc]/P
jcWZWgVch/PBjcYZhHRTC)h/jlhHR
|cVXYZ`>
  3 b 3 2   ' .$=J$² ^± 'O ' 9t¯
C£nQ)k^W\jcpC)BDChHR|OYgChHR{WgjePS]/Y¢RoC£n  ]^hfcCWOnQC£WgjepVXh/PdRo`T]<p&RTYgVchPS)BDjchHRTY\[X]/CPT]^Y¢RoC£{W¤ jlk/k/jl`oY¢RoYZVXh
n* ]^hRTC`oBDCPojlh/PRdNOk<CC)hWgYZC)]CRk^WgjXpCnQC§t$ªe]4kmVcYghHRnQC|H]/CnQCWgj6VX`TBDC PTBjchXRoYg[H]^CX¡]/h
n^k^W\jcpCBDChHR
pVc`o`oC)PTk<VXh/nFW\jk^`TC)BDYZA)`TCek^`TVcbdC)pRTYgVch nQCJW2 )WZ)BC)hHR
k × d
[H]^YtC>PdR£RTVX]QRTCW\jVX`TB]^WZC
jXPTPTVQpYgCW¤ WgBDChHR
k × d
n^jlh/PW\jk<VHPSYZRTYgVchn  j}RTRT`oYZU/]QRTYgVch6nQCpjXP
 h8]QRoYZWgYgPTCY\pYaW\jpVXYZh<nQC^j}RoYZVXhn^C)PpVcBDk<VHPTjchHRoPn^jch/PW2 jch/jlWgNQPSCPTNHhHRqj}QYg[H]^CDkmVc]^`F`TC)WZYgC`WgC)P
k/WgjXpC)P
[H]^YtVX`TBDC)hXR
WgCpVX]^k^WgCn^CnQVch^h/C)P)
 hPTCeRo`TVX]^|cCn^jch/P
W\jPTYZRT]/jlRTYgVch6PS]^Yg|}jlhHRTC 
v


H
HH
k × d v


H
H
k k\v


H
HH
d d/(k\v)


H
H
d\(k\v)/d d
⇒
??


H
H
?? e, e ` t



H
H
H
e ` e e ` e → t


H
H
e → e → t e ` e
jpVXh/PdRo`T]<p&RTYgVchjRTFjc`T`:RoCW\jD`oCh/pVchHRT`oCnQ]h]<n6§mm*CFn^k^W\jcpCBDChHRejXPTPTVQpYgCnQVch/p
pCRTRTCk^W\jcpC£W\j{VX`TBDCPS)BjlhHRTY\[H]^C
nQC
(k×d)

k
`oC <VcYZRnQVXh/p£]^hWgBDChHRanQC£RdNOk<C
e
Vc]
(e → t) → tPTVch  C B 
		 )c ¥ pC£BVXBDChHRvWgjJpVXh/PdRo`T]<p&RTYgVchFk<C)]QRajlWgVc`qP`oCk^`oCh<nQ`TCX>ªJjlh<PW2 jl`oU^`TCPTBjlhHRTY\[H]^Cc¡
WgC h]/n4pVc`o`TC>PSkmVch/n/jlhHRF
k × d
n^YgPTk/jl`qj \RCRVXh4PTC `oCRT`oVc]/|cC jcWZVX`oPn^jlh/PWgCh]<nnQVcBDYgh/jlhHR
W2 WgYZBDYgh/j}RoYZVXhnQC
×
Qi
Ck/`TC)h^Vch/P£jl]h^Yg|cC)jc]nQC§kmVc]^`WgC)[H]^C)Wmh/Vc]/Pj|cVXh/Pk^WZ]<PSYgC]^`qP£k<VHPTPTYZU/YZWgY¢Ro)P
 



H
H
H
(e → t) → t e, e ` t
VX]
 
 HH
e e, e ` t
ÌÁ$Â*ÌÍÕ
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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 wA
z{Vc]/PPTVcBDBDC)P£pVch^`TVXhXRo)P]^h6pVXh,H/YZR£nQCeRdNOk<CXH_VX]^`WgCJ`T>PSVX]/nQ`oCh^Vc]<PPTVc`TRTVXh/PnQ]6pVXhHRTCORoC
W\j|}jl`oYgjcU^WZC[H]^YpVc`o`TC>PSkmVch/njl]6n6nQ]pVc]/k^WZC
k × d

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!	 $, - 	#Y /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   Z P.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TBYB	6P.
!	6M
$, /J C B5 
!	#" $ Z  M	"R e ` e → t
e, e ` t
Z:P.*" $,	  J!Y $,	B
J$, 5	  M>
$P !	6M
f@
-

	#- BM$,J 
λ
l   Z	6F>F $,+Y YP  	6M0F
 h6VcU^RTYgChHR 
t



H
H
H
(e → t) → t e ` e → t
e, e ` t
VX]
t


H
H
e e ` e → t
e, e ` t
'CRSRTC BVXhHRTCn^CDRdNHkmCh^VX]/PkmC`oBDCRFnQC Poj|cVXYZ`PT]^`F[H]^C)WZWgC|}jl`oYgjcU^WZCDh^VcRT`oC
λ
2RTC)`TBDC|}j :Ro`TC
jck^k^WgYg[H]^XX©{h^CVXYgPpCRTRTCVXk<)`ojlRTYgVchC 0mC>p&RT]/Cc¡XW¤ WgYgBYgh/jlRTYgVch nQC
×
C>PdRRTC`oBDYZh/CCRVch`oCk/`TC)h/nWgj
n^`oYZ|}j}RoYZVXhW\{V32FCWgWgCjeRofXCWgCX¡pc C>PdRT:l:n^YZ`oCPT]^`$]^h^C£]/PTYZVXh*_$VX]^`h^VlRo`TCVc`oBF]/WZCPS)BjlhHRTY\[H]^CVXh
pVchHRTYghO]^CJWgjDnQ)`TYg|}j}RTYgVchpVXBBDCJk<VX]^`
]^h^CJ]/PTYgVch6pVcBDBDCJh^Vc]/P£W2 j|XVch/P£k^`o)p)nQC)BDBC)hHR£COk/WZY\[H]^c
GIH'OJ² ' 5    
( 0M
!    B / ZJQM
$>iM
; 3
 /DB;	#  P. iF   -
$,+" $ 0M
!
M-     M	R
` (λQ.∀x(etud x) → (Q x), u)





H
H
H
H
HH
` λP (λQ.∀x(P x) → (Q x), u) ` λx.(etud x)
 7 
aM.OR
y ` ∀x(etud x) → (correspond  	 y x)






H
H
H
H
H
HH
` λQ.∀x(etud x) → (Q x) y ` λu.(correspond 
	
y u)
y, x ` (correspond  	 y x)
¥ k^`o)PTChHR>¡Qh^Vc]/PkmVc]/|cVch<P£Vc`oBDjcWZY\PTC`W¤ WgYgBYgh/jlRTYgVch6nQC
×

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 
!	6M
*3
×
P M BM
Q 	 $,  B  M  TP!	6M
c
$ B 	 _PTM
BM
 
e $
PTM$>B /
(ki × d)
@
*/ BM 	!	6M
9	0@   ki @(*/ 3	-

!	6M
9 C
  	#" $\F
∆ ` α × β (F, u) Γ[αi(z), βi(x)] ` γ(F
′)
[×]
Γ[∆] ` γ(let (z, x) = (F, u) in F ′)
 
γ
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QF
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!	^] '  U 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*  @ 	-

!	6M
7TC
    	#"$OP M BM
Q@ 	  d  		
!	6M
@ ×  	TlB

	@
* d 
i 8 d  
 C   !	#"$>F
Ck^Wg]/PPTVc]^|XChHR)¡tn^jlh<PeWgC
λ
2RTC`oBDCc¡tWgCpVchHRTCHRoCC>PdR|OYgn^CCRJW2 jch/jlWgNQPSCPS)BDjchHRTY\[X]/Ch* C)PSRjcp&
pCkQRqjlhHRTC[H]^CPTY WZCpVchHRTCORTCC)PSR
|HY\nQCX
GIH'OJ² ' 5   M$> M- 0M
 -M
QP$,0M
!   B   /D@ 	-  	6M   !	#"$ .$,	-

  :BM$,
 ) / */ B 	 1		
!	6M
@
×
F
y ` ∀x(etud x) → (correspond  	 y x)







H
H
H
H
H
H
H
λQ.∀x(etud x) → (Q x) y ` λu.(correspond 
	
y u)
y, x ` (correspond  	 y x)






H
H
H
H
H
H
y ` y x ` λv(correspond  	 v x)




H
H
H
H
` λuλv.(correspond  	 v u) x ` x
  3 b 3 b *,;¯ ' . '²'=H'H J$² ' =7:9 . 'D² ±c­09)¯
	}$±l¯\;¤­ 9 . '²  	'=J	}O '=9t¯ Q¯\;¤­ 9>H 9t¯\; ] '
ÇEO]^YZRTCJnQCW2 COC)BDk^WZC  ¥ YZh<PSY<h^Vc]/Pk<VX]^|cVXh/PvkmVc]^`qPT]^YZ|O`oC
WgjFnQ`oYZ|}jlRTYgVchPS]/`h^VcRT`oC
CQCBDk^WgC
4S©{h
hO]^BD)`TVDpVX`T`oC)PTk<VXh/n RoVc]QRRT]/nQY\jlhHR 6q
z{Vc]/P*j|OYgVch/P)¡jlk/`TA>PtWgjk^`oCBDYgA`oCvWgYZBDYgh/j}RoYZVXhnQC
×
¡WgC
λ
2RTC)`TBDC 
y ` ∀x(etud x) → (correspond 

y x)

¥ k^`o)PTChHR)¡h^VX]/PvnQC)|cVch<Pjck^k^WgYg[H]^C)`$W2 YZh,H<CQYZVXhn^]|XC`oU<C[H]^YQk<VX`SRoCWgC
λ
2RTC)`TBDC 
` λP.pres(P )
y ` pres(∀x(etud x) → (correspond 

y x))






H
H
H
H
H
H
` λP.pres(P ) y ` ∀x(etud x) → (correspond 

y x)
¥ W¤ RqjlkmCPT]^Yg|jchHRTCn^CW\jpVch/PSRT`o]/p&RoYZVXh*¡h/Vc]/P`TC)h/pVXhHRT`oVch/Ph^Vc]/|cC)jc]]^h^C6j}RTRT`oYZU^]^RTYgVch4nQC
p)jcP)¡c[H]^Y<n^VcYZR :RT`oC{jXPTPTVQpYgWgj|}jl`oY\jlU^WgC[H]^Y/RT{nQ>pq@/jl`ofc)CWgVc`qPanQC{WgjnQC)]QQYZA)BDCRqjlkmC
d2
Xz{Vc]/P
n^C|cVXh/PnQVch<pj}RSRoCh/n^`TCW2 )WZYgBDYZh/jlRTYgVch6nQC
×
kmVc]/`pVchHRoYZhO]^C)`
WgjDpVXh/PSRT`o]/p&RoYZVXh*
??






H
H
H
H
H
H
?? y ` pres(∀x(etud x) → (correspond 

y x))
ÌÁ$Â*ÌÍÕ
 
			
	 !	#"$ wXw
jpVch/PSRT`o]/pRTYgVchk/jl`qjlWgWZA)WZCnQ]PT]}bdCRh^VX]/P
nQVXh^h^C 
` (λQ.∃z(numero z) ∧ (Q z), u)





H
H
H
H
HH
` (λPλQ.∃z(P z) ∧ (Q z), u) ` λy.(numeroy)
 h k<C)]QR nQVXh/pk<VX]^`oPT]^Yg|O`TC6h^VcRT`oCjc`TU^`oCCh¦j}RTRTChHRoC6[H]^YpVc`o`TC>PSkmVch<n4jl] k^`oCBDYgC`jl`oU^`oCpY¢
n^C)PoPSVX]/P£k/jl`
WgCPSC>pVXh/n 
??



H
H
HH
?? y ` pres(∀x(etud x)
→ (correspond 

y x))
` ∃z(numero z) ∧ pres(∀x.(etud x) →
(correspond 

z x))








H
H
H
H
H
H
H
H
` λQ.∃z
(numero z) ∧ (Q z)
` λy. pres(∀x(etud x) → (correspond 

y x))
y ` pres(∀x(etud x) → (correspond 

y x))jFnQC)`Th^YgA`oCRojlkmC{kmVc]/`WgC PTM
B h* jjl]/p]^h jck^k<VX`SR£PS)BDjchHRTY\[X]/Cc¡HVchPTCepVXhHRTChHRoCenQVXh/p{n  ]^h^C
Y\nQC)hXRoY¢RoJ[H]^Ymh^VX]/PkmC`oBDCR
n  VcUQRoCh^Yg`W\jVX`TBDCJPS)BDjchHRTY\[X]/CenQCJh^VlRo`TCek^@^`qjcPTC
` ∃z(numero z)∧
pres(∀x(etud x) → (correspond 

z x))
ÂÂº
LMNOP
wc    	5  

ijck^kmCWgVch/PW2 C)h/PTCBFU/WZCnQCW\jnQ`oYg|jlRTYgVch 
` ∃z(numero z) ∧ pres(∀x(etud x) →
(correspond 

z x))






H
H
H
H
H
HH
` λX.X ` ∃z(numero z) ∧ pres(∀x(etud x) →
(correspond 

z x))









H
H
H
H
H
H
H
H
H
` π1(λQ.∃z
(numero z) ∧ (Q z), u)




H
H
H
H
` λP (λQ.∃z
(P z) ∧ (Q z), u)
` λy.
(numero y)
` λy.pres(∀x(etud x) → (correspond 

y x))
y ` pres(∀x(etud x) → (correspond 

y x))




H
H
H
H
` λP.pres(P ) y ` ∀x(etud x) →
(correspond 

y x)







H
H
H
H
H
H
H
` π1(λQ.∀x.
(etud x) → (Q x), u)




H
H
H
H
` λP (λQ.∃z
(numero z) ∧ (Q z), u)
` λz.
(etud z)
y ` λu.(correspond 

y u)
y, x ` (correspond 

y x)





H
H
H
H
H
y ` y x ` λv.
(correspond 

v x)



H
H
HH
` λuλv.
(correspond 

v u)
x ` x
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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	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	 !	#"$ wHu
 
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 	# *B DR
v



H
H
H
k × d


H
H
(k × d)/n n
v


H
H
k1 k1\v


H
H
d2 d2\(k1\v)


H
H
d2\(k1\v)/d1 d1
⇒
e ` t




H
H
H
HH
k1
` (e → t) → t
e ` e → t
e, e ` t




H
H
H
H
d2
e ` e
e ` e → t


H
HH
verbe
` e → e → t
d1
e ` e $,	 BM
$, ?	*/_@ 	-  	6MNR
c


H
HH
c/v v




H
H
H
H
k × d


H
H
(k × d)/n n
v



H
H
H
k2 k2\v



H
H
H
(k2\v)/v v
⇒
` t



H
H
H
comp
` t → t
` t



H
H
HH
k2
` (e → t) → t
` e → t
e ` t



H
H
H
	    	6M

` t → t
e ` t
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¨W PTC{kmVXPTCenQCJBjlh^YgA`oC{)|HY\nQC)hXRoC{]^hk^`oVcU^WgABDCen^C{kmVc`TRTCek<VX]^`£WgjnQVc]^U/WZC[H]/jlhHRTYZ«<p)j}RTYgVchn/jlh/P
]/h^C
k^@^`qjcPTCccEO]/`ah^VlRo`TC
CQCBDk^WgC
h^Vc]/PVXUQRTC)h^Vch<PvWgjWgC)pRT]^`oC
∃∀
,'CkmCh/n^jchHR)¡lYgW/COY\PSRTC]^h^C{PTC)pVch/n^C
WgC)pRT]^`oCF[H]^Y$nQVch^h/C
∀∃
[H]^Ch^VX]/P|XVc]/n^`TYgVch/P
jc]/PoPSY*fXh^)`TC)`)/_$VX]^`{pCW\j^¡/h/Vc]/Pn^C|cVXh/PnQVXh^h^C)`{]^h^C
jc]QRT`oCaVX`TB]^WgCPTBjlhHRTY\[H]^C PTM
B ¨WH³jl]<nQ`ojcY¢RnQVch<pjlbdVc]QRoC`n^C)PRT`qjlYZRoP]^h^Y\[H]^CBDChHRaPTBjlhHRTY\[H]^Cc
hC0tCR)¡<PSY*VXhjl`o`TYg|cCDh^CnQ)k^WgjXpC)`[X]/CWgjVX`TBDCPTBjlhHRTY\[H]^Cn^jlh<P
WZC PTM B ¡/Vch6jlk/k^WZY\[H]^C`qjWgj
VX`TB]^WgC{pVXhXRoCh/jchHRWZC
∀
pCWgWgCepVXhHRTCh<jlhHRWgC
∃
 ¥ Ygh/PTY¤¡OVchjl]^`qjWZC>Pn^C]QWgC)p&Ro]^`oC)Pk<VHPTPTYZU/WZC>PakmVc]^`
h/VlRT`oCk^@^`qjcPTCc
 h6VcU^RTYgChHRjlWgVc`qPW\jVc`oBF]^WgC 
` ∀x(etud x) → pres(∃z(numero z) ∧ (correspond 

z x))
©{h^C`TC)BDjc`o[H]^C£YghXRo`oC)PoPTjchHRTC|OYgChHRvnQC
ijcnOVX`on  i ¥ ªJCB :¨WQCQkmVXPTCWgCk^`oYZh/pYZkmC
PS]/YZ|}jlhHRWZC>[H]^CW
W\jDPdRo`T]<p&RT]/`TCnQCpVXh/PdRoY¢Ro]/jlhHRqPYZhHRTC)`Th/C)Pjl]QPSNOhHRojcfcBDC)P£|cC)`TU<jl]QC>PdRpVXBDk^WZCQCcOaWgWZCPTCnQYZ|OY\PSCC)h
n^C]Q k/jl`TRTYgC)P)¡vWZC=e_YZhHRoC`oh^C6CR ]^h |Ok CORTC)`Th/Cc 'C`TRojcYZh<Pjl`ofc]^BDChHRqPD³jlfXChHR.Fk/`TC)h^h^ChHRWgC]^`
VX`TYgfcYgh^Cn^jch/PWZCF|Hk¡QRojch/nQY\P[H]^Cn  jl]QRo`TC>P DÍRo@^ABDC)P.Fk^`oCh/h^ChHRWgC]^`VX`TYgfcYgh^Cn^jch/PWZC+={_ ¥ YZh/PTY2¡^Wgj
kmVXPTYZRTYgVchn  Vc`oYZfXYZh/CFnQ]PT]}bdCRC)PSRen^jch/PeWgjPSRT`o]/pRT]^`oCFk^`oVlVXh/nQCFn^]|cC)`TUmCc¡mnQVch/pRTVX]QRJpCF[H]^YkmVc`TRTC
PT]^`WgC|XC`oU<CX¡akmVc`TRTCjc]/PTPTYePT]^`WZCPT]}bdCR)*CnQ)k^W\jcpC)BDChHRpVXh/PTC`o|cC6fHjlWgCBDChHRpCRSRoCkmVXPTY¢RoYZVXh
n* VX`TYgfcYgh^Cc¡HnQVch<ppl C)PSRW\jB:BDCepq@/VXPTCk<VX]^`W2 VcUQbdCR)Oªejch/PaRoVc]/PWZC>Pp)jcP)¡cW2 Ygh,H/CQYZVXhk<VX`SRoC{PT]^`aRoVc]/P
ÂÂº
LMNOP
wXx    	5  

WgC)PFpVch<PdRoY¢Ro]/jlhHRoPn^CWgj6k/@^`ojXPSCX**CD³jcY¢Rn* j|XVcYg`JWgCDRTC)BDk/PFnQ]8|XC`oU<CC)h8n^U^]QRnQCVc`oBF]/WZCDkmC]QR
h/Vc]/P$kmC`oBCRSRo`TC]^h^CpVch/pVc`qn^jlh<pCn^C)P$RTC)BDk/PChHRT`oC£WZC>PBVX`opC)jc]QFnQCWgjJk^@/`ojXPSCX  hVcUQRoYZC)hHRjlWgVc`qP
WgC)P
n^C]QWZC>p&RT]/`TC>P 
` pres(∃z(numero z) ∧ ∀x(etud x) → (correspond 

z x))
` pres(∀x(etud x) → ∃z(numero z) ∧ (correspond 

z x))
      )  $ =  /   $,/ & 
'VXBBDCeh^Vc]/P£j|cVXh/Pa|O] [H]^CJh^VX]/PkmVc]/|HYgVch<Pv³jlYg`oC{W2 jch/jlWgNQPSC{PTNOhHRoj}QY\[H]^Cen  ]^h^CJ[H]^C)PSRTYgVchh/Vc]/P
n^C|cVXh/Pek<VX]^|cVXYZ`{³jlYg`TCWZC)]^`jlh/jcWZNQPTCFPS)BjlhHRTY\[H]^Cct_Vc]^`pC)Wgj/¡<h/Vc]/PJ]QRoYZWgYgPTVch<P{W\jn^C]QQYgABDCpWgjc]/PTC
n^]4nQk/WgjXpCBDC)hXR>¡[H]^Y£jl]h^Yg|cC>jl]PTBjlhHRTY\[H]^C pVc`o`TC>PSkmVch/n8]/h^CYghH|XC`qPSYgVchnQC>P|}jl`oY\jlU^WgC)Pn/jlh/P
WgCFpVchHRTCHRoCcm*C³jcY¢Re[H]* ]^h^CChHRT`oCWgCQY\pjcWZCFn^CBjlh/n^CFnQC]^6jlRSRT`oYgU^]QRTYgVch<P{nQCFp)jcPPTYgfch^YZ«/CF[H]* CWgWZC
k<jcPoPSC)`ojjck^`oA)PeWZC>PJjc]QRT`oC)PJk^]/YgPo[H]^CWgC|cC`oUmCh^CkmC]QRk/jXPeWg]^Y$Vc]/`Th^Yg`PTjPSC>pVXh/nQCDj}RSRo`TYgU^]QRoYZVXhnQC
p)jcP)¡tCWgWZC|OYZC)h/nQ`qjnQVXh/pn  ]/h8jc]QRT`oCWgBDChHRk^WZ]<PJRojl`qnn/jlh/PJW\jn^`oYZ|}j}RoYZVXh* j Vc`oBF]^WgCWZVXfcY\[X]/C
[H]^CW2 VXh6VcUQRoYZC)hXR
C>PdR
` quel z pres(lit P ierre z)z{Vc]/Pk/`T>PSC)hXRoVch/PpY¢¨nQC)PoPTVc]/P£W2 jc`TU^`oCnQCnQ`oYg|jlRTYgVch6[H]^Y*h^VX]/P
nQVch/h^CpC`o)PT]^W¢Rqj}R 
` quel z pres(lit P ierre z)







H
H
H
H
H
H
HH
` λP quel x(P x) ` λx.pres(lit P ierre x)
x ` pres(lit P ierre x)







H
H
H
H
H
H
H
` π1(λP.(P Pierre), u) x ` λy.pres(lit y x)
x, y ` pres(lit y x)




H
H
H
H
` λP.pres(P ) x, y ` (lire y u)
y, x ` (lire y x)





H
H
H
H
H
y ` y x ` λv.(lire v x)



H
H
H
` λuλv.(lire v u) x ` x
ªeCWgjB:BDCBjlh^YgA`oCc¡OVXhkmC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